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The Effect of Barrier-Line Location 
at No-Passing Zones 


BY THE HIGHWAY TRANSPORT RESEARCH BRANCH 
BUREAU OF PUBLIC ROADS 


In standard practice the barrier line at no-passing zones on two-lane highways 
is placed parallel and close to the roadway center-line marking. Missouri and 
Iowa, however, place the barrier line in the center of the lane from which passing is 
prohibited. The plan was developed in Missouri largely as an economy measure 
which has particular application on narrow pavement, for the painted stripe in 
this mid-lane location is not subject to constant wear by vehicle tires. A com- 
parative study of the two marking types, conducted in cooperation with the 
Missouri State Highway Department on a 16-mile section of U S 66, is reported 
in this article. 

No-passing zones on half the test section were marked with the Missouri stand- 
ard, and on the other half the national standard was used. Two selected single- 
direction no-passing zones, one of each type, were studied intensively. A 
two-direction no-passing zone with Missouri markings was also studied. Informa- 
tion was collected on speeds and transverse placements of vehicles and on start- 
ing and finishing points of all passing maneuvers, approaching and within these 
zones. 

Some of the traffic operation characteristics differed but little on the two types 
of markings. In critical conditions for transverse placement, however, particu- 
larly for vehicles traveling into a no-passing zone in the face of oncoming traffic, 
or where wide vehicles were involved, the advantage was consistently with the 
national standard marking. The national standard also showed favorable per- 
formance in a comparison of daylight and night driving, and in the extent to 
which drivers complied with the no-passing restriction. Obscurement of the mid- 
lane barrier line by preceding vehicles undoubtedly caused some drivers to 
encroach, without deliberate intention, on the no-passing zone area. Interviews 
with drivers leaving the test section revealed no decisive preference for either 


type of marking. 










HE two-lane, two-way highway is the 
| wheel horse of our transportation system. 
For economic reasons, it will undoubtedly per- 
sist as a popular type, despite the operating 
hazards inherent in its design. Warranted, 
therefore, are the many researches dedicated 
to improvements in the traffic capacity, safety, 
and other functional characteristics of this 
most common of all highway types. 

Vehicle overtaking and passing actions on 
two-lane highways are essential to mainte- 
nance of reasonable capacities and necessary 
flexibility in traffic flow. Passings can nor- 
mally be undertaken by the driver at any time 
he is assured that the left lane will be free of 
oncoming traffic throughout the time of his 
maneuver. The presence of opposing traffic 
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that might interfere with passing is obvious 
when sight distances are adequate, but wher- 
ever alinement changes or other factors intro- 
duce a short sight-distance condition, the 
driver has no positive assurance that his 
passing can be completed without interference. 
This has led to rather general use of the no- 
passing-zone pavement marking which defines 
the limited section throughout which passing 
is not safe. According to reports of the 
President’s Highway Safety Conference, 27 
State highway departments are regularly 
marking no-passing zones, where needed, on 
more than 70 percent of the hard-surfaced 
mileage under their jurisdiction. The remain- 
ing States are similarly marking substantial 
portions of their mileage, and the totals are 


Reported by CHARLES W. PRISK 
Highway Engineer 


increasing each year. The value of this con- 
trol measure is now well established. 


Standardization of No-Passing-Zone 
Markings 


What drivers see and understand has a 
profound effect on their driving actions and 
reactions, and what they do not fully see or 
understand often bears on their traffic mis- 
haps. Much effort has been directed, there- 
fore, toward standardizing all traffic-control 
devices, among them the marking design for 
no-passing zones. Many differences exist 
among the States. Since no-passing zones are 
locations of exposure to relatively high haz- 
ard, it is vitally important that all drivers 
quickly and accurately interpret the “line 
language” of pavement marking. Variations 
in color, in pattern, and in location of the 
barrier line with respect to the center-line 
marking subject motorists to possible con- 
fusion that may result in abnormal behavior 
or accident. 

Though there is only partial agreement on 
certain details of the no-passing-zone marking 
design, practically all State and local juris- 
dictions place the barrier line a few inches 
to the side of the center-line marking to in- 
dicate that passing is prohibited from the 
lane on that side of the center line. This is 
the nationally recommended standard. 

Drastic exceptions to the national standard 
are found in Missouri and Iowa where, for a 
number of years, the barrier line has been 
positioned in the center of the driving lane 
from which passings are prohibited. This 
marking design was first adopted by Missouri 
to facilitate maintenance of a serviceable bar- 
rier line at a lateral position on the roadway 
where it would not be subject to the constaut 


1 Manual on Uniform Traffic Control Devices for 
Streets and Highways, prepared by a joint com- 
mittee of the American Association of State High- 
way Officials, the Institute of Traffic Engineers, 
and the National Conference on Street and Highway 
Safety. Published by the Bureau of Public Roads. 
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grinding and abrasive action created by heavy 
commercial tires. On narrow pavements, es- 
pecially those with a lip curb, the problem of 
maintaining a serviceable barrier line near 
the roadway center was most pronounced. 
Placing the barrier line at the center of the 
driving lane produces the economy of longer 
effective life—in some cases, serviceable char- 
acteristics have been retained for as long as 
3 years. Also given consideration in the Mis- 
souri decision was the relatively greater haz- 
ard of painting lines where the striping equip- 
ment has to straddle the center line rather 
than proceed entirely within one lane. 


Missouri Site Studied 


To evaluate the effect of the two types of 
no-passing zones on driving practices, the Mis- 
souri State Highway Department and the 
Bureau of Public Roads cooperated in a series 
of special traffic studies in that State during 
the summer of 1949. The highway selected 
was U S 66, a principal cross-country route 
with a high proportion of out-of-State traffic. 

In the 16.5-mile test section chosen for 
study, approximately one-half the length was 
marked with the national standard no-pass- 
ing-zone design; the other half with the Mis- 
souri standard design. Two single-direction 
no-passing zones as nearly alike as possible, 
one with the national standard marking and 
one with the Missouri marking, were studied 
intensively. A two-direction no-passing zone 
with Missouri markings was also studied. 

Three types of information were assembled. 
First, and perhaps most significant, was a 
vehicle speed and transverse-placement study, 
during which data were obtained for more 
than 11,500 vehicles. Second, the start and 
finish points were recorded for all passings (in 
one direction) attempted or completed within 
500 feet each way from the beginning of the 
barrier line, at both the Missouri standard and 
the national standard zones. ‘The third class 
of data resulted from interviewing approxi- 
mately 1,000 drivers as they left the test 
section. 


Conclusions 


Based on the data collected and analyzed 
for this report, the following conclusions are 
offered: 

1. Some of the traffic operation characteris- 
tics on the two marking systems did not 
appear to differ greatly. Speed values varied 
only slightly and drivers not familiar with a 
particular system displayed only small differ- 
ences in their speed characteristics at the two 
zones. However, in an analysis of the more 
critical conditions for transverse placement, 
particularly those cases involving vehicles 
traveling into a no-passing zone in the face of 
oncoming traffic and those involving the wider 
vehicles in the commercial class, the findings 
show that although the differences in place- 
ment were small, the advantage was quite 
consistently with the national standard mark- 
ing design. Drivers of the vehicles in these 
categories were significantly farther away 
laterally from potential head-on collisions and 
sideswipe accidents. 
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Figure 1.—Standard informational sign used at 3- to 5-mile intervals. 


2. In the national standard zone, the aver- 
age transverse placement of vehicles at night 
resembled rather closely the daytime condi- 
tion. In the Missouri zone, the difference be- 
tween day and night operation was somewhat 
more marked. It is of interest to note that 
in each of the six comparative studies on the 
Missouri zone, the average vehicle was closer 
to the center line at night than during the 
day. On the national standard zone, the 
placement at night for the average vehicle 
was, at four of the six points studied, farther 
from the center line than in daylight. At the 
remaining two, the difference between the day 
and night placement was less than at the cor- 
responding locations on the Missouri zone. 

3. Since observance of no-passing zone 
markings is very largely a voluntary matter, 
the extent to which drivers comply is a sig- 
nificant measure of the effectiveness of the 
markings. The average infringement on the 
no-passing zone area by drivers observed com- 
pleting passings was greater at the locations 
where the barrier line was in the middle of 
the driving lane, and on this count also, the 
national standard showed superiority. 

4. Direct interview of a representative sam- 
ple of drivers who had just left the test section 
revealed no decisive preference for either type 
of marking. This was as true for Missouri 
drivers as for drivers from States bordering 
Missouri and for drivers from other States. 

5. Even though some slight improvement in 
transverse placement occurred when the bar- 
rier line was extended forward with a dashed 
or solid line, driver observance of the extended 
zone was poor and this cannot be termed an 
effective means of bettering operating condi- 
tions, regardless of the type of no-passing 
zone. 


Location of Test Section 


The test section on U S 66 was 16.5 miles 
in length, extending easterly from Lebanon, 


Mo., to the Laclede—Pulaski County line. The 
pavement there was a 20-foot bituminous sur- 
facing over old concrete, flanked by gravel 
shoulders of adequate width. For the study, 
approximately half the section length was 
marked with the national standard no-passing- 
zone design. The remaining mileage was 
inarked in the Missouri fashion, with the 
barrier line located in the center of the driving 
lane. 

The terrain traversed by this portion of 
U S 66 is moderately rolling. No-passing 
zones are relatively frequent. Traveling west- 
bound through the 16.5-mile section the driver 
sees 39 no-passing zones; eastbound he tray- 
erses 36 zones. The aggregate length of no- 
passing zone for westbound travel is 6.0 miles ; 
eastbound it is 5.5 miles. These represent 
restrictions on passing amounting to 36.4 
percent and 33.3 percent of the total length 
traveled by westbound and eastbound drivers, 
respectively. Signs reading Do Not Cross 
YELLOW LINE WHEN IN Your LANE (fig. 1) 
were in place at intervals of 3 to 5 miles along 
the route, but none was in the vicinity of the 
zones selected for special study. 

To obtain the uniformity desired in the con- 
dition of markings throughout the 16.5 miles, 
the center-line marking was repainted 
throughout as a dashed, reflectorized white 
line. Most of the previously existing reflect- 
orized yellow barrier lines in the center of the 
driving lanes had been painted a year or more 
earlier and were not too prominent in day- 
light. These lines were totally obliterated 
with asphalt paint on the 9.2 miles in the 
easterly portion of the test section and new 
reflectorized yellow barrier lines were painted 
next to the center-line marking in accordance 
with the national standard. On the 7.3 miles 
in the western portion, the existing barrier 
lines were retraced with reflectorized yellow 
paint. 

Two single-direction no-passing zones as 
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nearly identical as could be found were se- 
lected for detailed study—one in the eastern, 
and one in the western portion of the test 
section. ‘These were designated as sites N 
(national standard) and M (Missouri stand- 
ard), respectively. Site N was 4.5 miles west 
of the Laclede-Pulaski County line near the 
middle of the length marked with national 
standard no-passing zones. Figure 2 is a gen- 
eral view of site N. The zone studied is on 
the grade in the background. The location of 
site M was 4.4 miles from the east city limits 
of Lebanon, approximately centered in the test 
length with the Missouri standard markings. 
The cover illustration is a photograph of that 
site, taken from the beginning of the batrier 
line. The approaches at both sites were on 
tangent alinement and the sight-distance re- 
striction at the no-passing zone was caused in 
both cases by summit vertical curves. The 
standard used in Missouri for this route calls 
for marking no-passing zones at any point 
where the sight distance, measured from 
points 4.5 feet above the road surface, is less 
than 800 feet. At each of the two study sites, 
the sight distance from the Griver’s eye to the 
pavement surface at the beginning of the 
barrier line was 550 feet. The zone at site N 
was marked for westbound traffic and the one 
at site M for eastbound traftic. At site M the 
grade in the zone was 4.5 percent; at site N, 
4.0 percent. 





Speed and Placement Studies 


Speed and placement data were first re- 
corded for three different study locations in 
the vicinity of each zone, as indicated below 
and in figure 4: 

No. 1.—500 feet in advance of the start of 
the barrier line. 

No. 2.—At the start of the barrier line. 

No. 3.—800 feet beyond the start of the 
barrier line. 

During the course of these studies it was 
decided to experiment with both a dashed and 
a solid extension of the yellow barrier line at 
the approach end. Following study No. 8 a 
200-foot dashed extension was painted at both 
sites. Later the dashed extension of the bar- 
rier line was made a solid line. Under these 


Site M — Eastbound Zone 






Site N — Westbound Zone 





Figure 2.—No passing zone at site N, marked with the national standard, starts near foot 
of grade in background. 





Figure 3.—Two-direction no-passing zone at site B, marked with the Missouri standard in 
both lanes. 


two conditions, three additional locations were 
studied at sites N and M, as follows: 

No. 4.—At the start of the original barrier 
line (same as No. 2), but with 
a 200-foot dashed extension of 
the barrier line. 

No. 5.—At the approach end of a 200-foot 
solid extension of the barrier 
line. 

No. 6.—At the start of the original barrier 


Site B - Two-way Zone 


LEGEND 


STUDY 
LOCATION 


Figure 4.—Positions of study locations at the three no-passing sites: Site M marked 
with the Missouri standard, site N marked with the national standard, and site B 
marked with the Missouri standard in a two-way zone. 
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line (same as Nos. 2 and 4), but 
with the 200-foot solid exten- 
sion of the barrier line. 

The zones at sites N and M were both single- 
direction zones. To measure the effect of 
having a no-passing zone marked for both 
directions of travel, in which ease there is a 
barrier line at the center of both lanes and a 
line at the roadway center as well, a site B 
(for both directions) was also chosen for 
study. This was located in the section 
marked with the Missouri standard, 6.1 miles 
east from the east city limits of Lebanon. 
The general conditions at site B are portrayed 
in figure 3. 

At each of the three study sites, observa- 
tions were made in daylight, between 3 and 
6 p. m., and at night, between 8 and 11 p. m. 
Speed, transverse placement, and classificn- 
tion of yehicle types were obtained with the 
automatic-recording speed-placement equip- 
ment. This is the equipment described in the 
April 1940 issue of Pustic Roaps,’ except that 
adding machines were substituted for the 
eraphie recorders to produce a codéd record 
on adding-machine tape. For vehicles enter- 
ing the no-passing zone, special notation was 





2New techniques in traffic behavior studies, by 
BE. H. Holmes and S. BEB. Reymer. PusBLic ROADS, 
vol. 21, No. 2, April 1940. 
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Table 1.—Hourly traffic volumes at study sites 

















Daylight traffic Night traffic 
Site and direction of travel 
3-4 4-5 5-6 Aver- 8-9 9-10 10-11 Aver 
p. m. p. m. p. m. age p.m. p.m Deans age 
Site M-1: 
Wiestbound..2: 6-2 8 ences aoe 115 128 101 115 82 54 45 60 
HSstbound 2.3 3s eee eee ee 182 186 143 170 64 102 92 86 
Total 2) ee ee eee 297 314 244 285 146 156 137 146 
Bite ooo eee en eae ee eee 
Westbound 222. 5 eee ee eee ee 125 132 157 138 67 31 66 54 
Bastbound 22-6 cet oS ee ee eae 123 133 102 119 72 72 50 65 
otal as a Se Nes eee 248 265 259 257 139 103 116 119 
DiteUM=ors_ sss. see eee Bo en 5 
West bound tt. eee ee ee ee 116 101 109 109 71 55 55 60 
Eastbound! 2 Aes eee Soe eee 110 133 110 118 7 66 50 68 
Totel2 S252 2 202s See eee 226 234 219 227 158 121 105 128 
Site M-4: 
Westbound s25. 3223S aa ee 125 121 92 113 58 62 73 64 
Hast Doundeeessa-2 sees cae eee 119 103 129 ity 75 60 48 61 
TOUR ee eas ee es ee eee 244 224 221 230 133 122 121 125 
Site M-5: 
Westbound 26 eae eee ce oe eee 125 U7. 121 121 92 65 83 80 
IPAStDOUNG 2a: ue we eee eee 111 130 128 123 61 79 49 60 
Day ai (Ee AS hc See ee Seite cot eee 236 247 249 244 143 144 132 140 
Site M-6: 
Westbound 22.- ease see aee see eee 128 126 147 134 60 61 78 67 
Masthound sss 2.2 ee ee 117 154 119 130 50 79 37 55 
Aes CoN es ee Ee ee ae 245 280 266 264 110 14 115 122 
Site N-1: 
Westbound! se ee eee eee 132 100 106 113 87 56 69 71 
HastbDounid ses eee eee 106 103 120 110 69 53 51 57 
Notali=s— et ne eee ee 238 203 226 223 156 109 120 128 
Site N-2: 
Wiest bound 223-2) Seat sees 2 eee 130 131 150 137 123 148 156 142 
Mastbound 225-2 s2neres soe ee eee 122 130 115 122 ai 97 84 86 
Ota | ees a eee eae S 252 261 265 259 200 245 240 228 
Site N-3: 
iW estbound..c> = 3. eee ee ree 160 183 170 171 119 80 72 90 
Hast bound. 5225 ee ae se eee ee 126 159 172 152 83 58 68 70 
Motel = Jes. seo ee ae Ree 286 342 342 323 202 138 140 160 
Site N-4: 
WieStbound 22. c5- as eae ener ane Sane ewe 120 121 112 118 82 86 84 84 
Basthound 22a 2 nee ee Se ae 131 135 136 134 52 67 55 55 
15 Bo) 24 aban Sea 5 oon 2 eT, 2 251 256 248 252 134 143 139 139 
Site N-5: 
Westbound S252 eee ee ee eee 132 96 83 104 95 52 83 77 
Hastbound.5 2 set oe st eee 106 115 77 99 47 57 62 55 
SRO CAT ees SS Be ee eee nna 238 211 160 203 142 109 145 132 
Site N-6: 
Wiest bound --tae se eae ee oes 122 105 97 108 58 73 52 61 
MAStDOUNG Parse. 3s See eae ee 120 127 103 alive 42 51 62 52 
Ota) ee ee eee Se ee 242 232 200 225 100 124 114 113 
Site B: 
iW est bond: oS ese. eee een eee ae 139 200 148 162 91 75 72 79 
Bastbound seewercs ee oe eae eee 131 122 99 117 65 60 72 66 
Bota) ee See Ce eee ee 270 322 247 279 156 135 144 145 





























made on the tape if opposing traffic was within 
300 feet of the observed vehicle at the time 
its placement was recorded. In addition, an 
observer maintained a record of the start and 
finish of all passings attempted or completed 
by traffic traveling toward the zone within a 
distance of 500 feet in each direction from 
the approach end of the barrier line. A series 
of posts set at 100-foot intervals, with reflec- 
torized stripes indicating distance from the 
beginning of the barrier line, facilitated these 
observations, particularly at night. Hourly 
traffic volumes by direction were read from 
traffic counters throughout the period of 
study. 


Table 2.—Traffic classification 


Proportion of 
total traffic 


Vehicle type 


Daylight} Night 
(3-6 (8-11 
I Deaths pen) 





| 

Percent | Percent 
Missouri passenger cars Vee wod..0: 34.0 
Foreign passenger cars 45.5 23.3 
Single-unit trucks ! lett 8.3 
Truck combinations ice 220 sso 7.8 32. 6 
Btisceg ate 3icer eA Ds See se | a 1.8 


| 100.0 100. 0 











1 Includes panels and pick-ups. 
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Many Out-of-State Drivers 


The test section carried a daily traffic vol- 
ume averaging between 3,500 and 4,000 ve- 
hicles during the period of the study, June 30 
to July 15, 1949. July 4 fell on a Monday, 
making a long holiday week end, but the traf- 
fic flow nevertheless was remarkably uniform 
throughout the observations. The average 
traffic for all daylight hours of study on the 
Missouri standard, site M, was 251 vehicles 
per hour; at site N it was 247 vehicles per 
hour. Corresponding volumes during the 
night studies were 130 vehicles per hour at 
site M and 150 vehicles per hour at site N. 
The volumes at site B averaged 279 vehicles 
per hour in the daylight hours and 145 vehicles 
per hour at night. This relative stability in 
the traffic volume factor lends reliability to 
the comparison of driver practices under the 
several conditions studied. Table 1 shows the 
hourly variations and the day and night aver- 

ge volumes at each site. 

A detailed classification count made on July 
5 is shown in table 2. Of principal interest 
is the high percentage of foreign (out-of- 
State) passenger-car traffic, particularly in 
the daylight hours, and the large proportion 
of truck combinations at night. The prox- 
imity of the holiday undoubtedly accounted in 
some measure for both conditions, but other 


observations on this route have consistently 
shown relatively large percentages of foreign 
passenger-car and nighttime commercial 
traffic. 


Driving Speeds 


The information obtained on traffic speeds 
indicates also that operating conditions at the 
two principal test sites were substantially 
similar. The daytime speed at site M aver- 
aged 52.5 miles per hour for vehicles ap- 
proaching the no-passing zone, and at site N 
the average speed was 52.8 miles per hour. 
Within the no-passing zones, vehicles aver- 
aged 50.1 miles per hour at site M and 50.4 
miles per hour at site N. The slight decrease 
in speed is accounted for, at least in part, by 
the grade of approximately 4 percent that 


vehicles ascended in passing through the zone. | 


Nighttime speeds were slightly lower but fol- 
lowed the same general pattern of decreasing 
slightly upon entering the no-passing zone. 
At site B, where only a single study within 
the two-direction zone was made, speeds were 


found to be a little lower than at sites M and | 


N. The daytime average was 48.4 miles per 
hour for eastbound and 47.6 miles per hour 
for westbound traffic during daylight hours. 
Corresponding night speeds were 45.3 and 
49.4 miles per hour. 

The difference in the effect of the two bar- 
rier-line locations on the driving speeds of 
Missouri and foreign vehicles is of some im- 


portance in appraising the no-passing-zone 


designs. Table 3 shows that foreign passen- 
ger-car drivers traveled at a slightly higher 
average speed than Missouri drivers on the 
approach to both types of no-passing zones, 
but tended generally to reduce their speed 
more than Missouri drivers as they traveled 
through the zone. The one exception was the 
ease of foreign drivers in the national stand- 
ard zone at night, where the average speed 
actually increased 0.9 mile per hour. 
Perhaps of most significance is the fact that 


in every instance the speed decrease occurring ~ 


as vehicles traveled into the no-passing zone 
was greater both day and night for Missouri 
drivers at the national standard zone than it 





was for the same drivers at the Missouri zone. | 


Similarly, the speed of foreign drivers con- 
sistently showed greater change at the Mis- 
souri zone than at the national standard zone. 
The difference between the reaction of Mis- 
souri and foreign vehicle operators was 


Table 3.—Relative effect of barrier-line loca- 
tion on speed of drivers familiar and un- 
familiar with the markings 


Daylight speed 


Night speed 





Zone marking and 
study location Mis- 
souri 

drivers 


For- 
eign 
drivers 


Mis- 
souri 
drivers 


For- 
eign 








Missouri standard: 
Approaching zone. 
Within zone 

Difference 

National standard: 
Approaching zone. 
Within zone 

Difference _____ 


M. p.h.|M. p. h. 
52.8 53.8 
51.6 50, 1 
—1.2 —3.7 


52. 8 
50. 0 
—2.8 


52.9 
49.6 
—3.3 
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greater on the Missouri standard than on the 
national standard. This finding seems logi- 
cal because Missouri drivers in general would 
be more familiar with the widely used 
national standard than other drivers are with 
the Missouri type of marking. 


P Transverse Placement 


The lateral position of vehicles on the road- 
way is one of the most sensitive indications 
of the differences in traffic operation caused 
by varying the barrier-line location. Exten- 
sive study of the placement data has been 
made to isolate significant driver-behavior 
characteristics associated with the two types 
of marking. The dimension used to identify 
vehicle placement is the distance in feet from 
the center line of the roadway to the center 
line of the vehicle. 

A compilation of the average placements of 
vehicles traveling in and through the zones, 
segregated by day and night and by vehicle 
type for each study site, is given in table 4. 
As previously indicated, sites M and B had 
the barrier line in the center of the driving 
lane, and site N had the barrier line next to 
the center-line marking. Site B was the two- 
direction zone, but site M was marked only 
for eastbound traffic and site N only for west- 
bound traffic. Since sites M and N were al- 
most identical in physical conditions, traffic 
volume, and normal speed, the placement of 
vehicles traveling in the single direction con- 
trolled by the respective zones has been se- 
lected for analysis. 

The yalues shown in table 4, therefore, per- 
tain to vehicles traveling eastbound at site M, 
westbound at site N, and for each direction 
separately at site B. The few vehicles using 
the left lane for passing in Violation of the 
markings at the several study sites have been 
omitted from the placement summaries and 
are treated separately in the section of the 
report dealing with driver obedience to the 
no-passing zones. 


Close Agreement of Average 
Placements 


The relatively close agreement between the 


average placement values at locations 2, 3, 4, 


and 6 on the Missouri and national standard 
zones is a noteworthy feature of table 4. 
These four locations were either within the 


- no-passing zone or at the approach end of the 


normal barrier line, as indicated earlier. 
Location 5 was at the approach end of the 
extended barrier line and location 1 was 500 
feet in advance of the no-passing zone. 

At this latter point, the average lateral posi- 
tion of all vehicles differed 0.85 foot on the two 
systems in the day study and 0.61 foot at night 
and, in both cases, the distance from the road- 
way center line was greater at the Missouri 
standard zone. The observations at study site 
M-1 were made July 4 when the weather was 
partly cloudy, with light showers, and the 
traffic volume was higher than normal. Site 
M-1 was also slightly beyond the crest of a 
vertical curve for eastbound drivers who had 
just left another no-passing zone about 150 
feet before their vehicle placement was re- 
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Table 4.—Average transverse placement (distance from center line of vehicle to center line 
of roadway) at the several study sites 









































Transverse placement in daylight Transverse placement at night 
Study location and barrier-line | y4j,_ r ; | Mis- | | 
type oun Foreign Single- | Truck | All peer Foreign! Single- Truck All 
passen- | passen-| unit combi- | vehicles! passen- | passen-| unit | combi- |_ ahicles 
ger cars|2er cars trucks | nations } Sy ger tears Goo ears, trucks | nations | Y°oUCeS 
| (== 
Site 1: : Feet Feet Feet Feet Feet Feet | Feet Feet Feet Feet 

Missouri Standard sea ace se 5.08 5. 10 5.33 5. 15 5. 10 4.61 | 4.67 4.90 4.90 | 4.70 
a Syieymbotsy xl. 3 eae 4.16 4. 04 4. 50 4.60 | 4.22 3. 89 3.82 | 3.90 4, 57 4. 09 
~ Missouri standard____---_---- 4.34 | 419 | 4.52 | 4.92 | 434 | 437 | 3.90 | 420 | 445 | 4:21 
sas Stand ard]s2.= sess 4, 23 4.07 4. 43 cawel 4, 21 4.18 4, 22 4. 56 4.76 4, 29 
~ Missouri standard ____--_---_- 4.73} 461 | 4.99 ]-430 f 471.) 428 | 4.71 | 420 | 470 | 457 
Se veep: standerdl===--=— 4. 73 4. 61 5. 29 Ga20 es 73. 4. 60 4.50 | 4.50 5. 04 4, 62 
Site 4: 

Missouri Standard: sea 4.37 4.13 4.68 4.78 4,33 4, 20 | 4.09 4. 60 4. 57 4, 28 
pene! SUANCaTd ae ee 4.16 4.01 4, 62 6.03 | 4.30 4.18 4. 04 4.74 4.97 4.45 
Site 5: 

Missouri standard _____----_-- 4,29 4.08 4, 55 4,71 4, 25 3. 89 4.08 4.10 4.31 4.10 
4 Mena SHC AC eee ere 4,19 3. 69 4,35 4. 57 4.03 4.07 3. 88 4. 40 4. 56 4, 20 
Site 6: 

Missouri standard ___--------- | 4.52 4, 29 4. 84 4.73 | 4,48 4,22 | 4.21 4. 60 4. 40 4, 30 

National'standsrd 2s = 4.49 4, 20 5. 05 4. 96 4. 50 4. 57 4.05 4. 80 4. 86 4. 54 
Site B (Mo. standard): | 

Hastpoun des 2a =e ee 4.70 4.70 4. 65 4. 90 4.73 4. 66 4,68 4.90 4. 80 4.68 

Westbound. _-__- peer h ee Sot 4, 42 4, 23 4. 62 4.60 | 4.32 4. 28 4. 27 4.45 4. 54 4, 28 

corded. Location N-1, by contrast, was on a 3. Others.—All other vehicles not in the 


nearly flat section and the nearest no-passing 
zone for westbound drivers in advance of this 
study site was approximately one-fourth mile 
to the east. This range in conditions is the 
suspected cause of the differences between the 
M-1 and N-1 values. 

At site B, the horizontal alinement on the 
two approaches to the observation point 
varied slightly. Eastbound traffic entered the 
zone on tangent alinement, while westbound 
traffic entered on a curve to the left, which 
condition is believed to account for westbound 
average placements being consistently closer 
to the center line at site B—-W than at B-H. 
No physical or other differences that might 
influence vehicle paths were evident at any 
of the other study locations at sites M and N. 

As will be seen from table 4, the difference 
in the average placement values for the two 
no-passing-zone designs is least at study sites 
M-3 and N-3. In the daytime, the average 
placement of all vehicles within the Missouri 
zone was 4.71 feet, measured from center of 
vehicle to center of roadway, and on the 
national standard it was 4.73 feet. The cor- 
responding night values were 4.57 and 4.62 
feet. These data were recorded at a point 
300 feet within each of the test zones, which 
is certainly one of the more critical locations. 


Effect of Traffic Conditions 


The data in table 4 include vehicles moving 
through the test zones singly and in groups, 
and with and without traffic in the opposing 
lane. To study these several movement cate- 
gories independently, the total traffic through 
the test zones was classified into three groups 
as follows: 

1. Free moving.—Vehicles that were at 
least 6 seconds behind any other Vehicle 
traveling in the same direction, and were not 
within 300 feet of any vehicle traveling in the 
opposite direction. 

2. With opposing traffic—Vehicles that 
were within 300 feet of a vehicle traveling in 
the opposite direction. : 


first two classes, except those that were mak- 
ing a passing maneuver. 

Because of the marked similarity in aver- 
age placements, all passenger-car data from 
the daytime studies were segregated into these 
three categories and standard deviations com- 
puted for each of the comparative studies. 
Table 5 shows that, with a single exception 
(passenger cars with opposing traffic in the 
national standard zone, study site N-3), the 
dispersion of placements is greater on the 
national standard marking than it is on the 
Missouri marking. 

It might be expected that the placement 
distribution of those vehicles with opposing 
traffic would always show less dispersion than 
the distribution for vehicles in the other two 
movement classifications, because of the im- 
minent danger of colliding head-on with ve- 
hicles in the left lane, At all but one of the 
studies on the national standard this was 
true, but at three of the six studies on the 
Missouri standard zone the dispersion was 


Table 5.—Standard deviations of transverse 
placement of Missouri and foreign passen- 
ger cars in daylight 


Standard deviation of 
transverse placement 





Study location and 
barrier-line type With 
oppos- 
ing 
traffic 


All 
move- 
ments 


Free 
mov- 
ing 





Site 1: 
Missouri standard -_--- 0. 8511 
National standard_---|1. ¥ 1. 3260 

Site 2: 

Missouri standard - --- Ayia! 
National standard - --- . 0571 

Site 3: 

Missouri standard ---- . 8085 
National standard --- . 8921 

Site 4: 

Missouri standard ---- 
National standard - - -- 

Site 5: 

Missouri standard __-_- 
National standard - --- 

Site 6: 

Missouri standard __-_- 
National standard - - -- 


. 7367 
|1.0318 
715A 
0253 


. 7796 
. 9128 
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THE MISSOURI 





fi 


509' ALL PASSENGER CGARS 


DAYLIGHT 





t 

4.09' ALL PASSENGER CARS 
3.72' FREE MOVING PASSENGER CARS 
4.24' PASSENGER GARS WITH OPPOSING TRAFFIC 


THE MISSOURI 





4.63 ALL PASSENGER CARS 
4.6I'FREE MOVING PASSENGER CARS 


494 FREE MOVING PASSENGER CARS | 
5.23' PASSENGER GARS WITH OPPOSING TRAFFIC 4.42 


THE NATIONAL STANDARD 


5.08 PASSENGER CARS WITH OPPOSING TRAFFIC 


STANDARD 


t ti, 
4.26 4.67 
4.28' 4.57) 

5:02 


4:13 4 
4.08' oe 
4.37 5 


STANDARD 


t t t ' 
4.10 Ore 
4.12) 4.45° 
4.15 4.83 


THE NATIONAL STANDARD 





3.84' ALL PASSENGER CARS 
4.10' FREE MOVING PASSENGER CARS 
4.07' PASSENGER CARS WITH OPPOSING TRAFFIC 


t + 
4.20' 4.54 
ZS Te: 4.45' 
4.48' 4.92' 


Figure 5.—Transverse placement: Distance from center line of vehicle to center line of 
roadway for passenger cars in no-passing zones, in daylight and at night. 


greater than for one of the other movement 
classifications. In general, passenger-car 
drivers using the national standard zone 
showed somewhat less precision in following 
a central path than they did when traversing 
the Missouri standard zone. However, it will 
be seen that the presence of opposing traffic 
increased the tendency of drivers on the na- 
tional standard marking to follow a central 
path more than it did on the Missouri design. 
Furthermore, the precision with which the 
central path was followed on the national 
standard was slightly superior to that found 
on the Missouri marking when passenger cars 
were 300 feet into the zone and faced with 
traffic in the opposite lane. 


Effect of Light Conditions 


Figure 5 shows additional comparative data 
on passenger-car driver practices at the two 
test zones, under day and night conditions, 
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As previously explained, the placements at 
site M-1l appear to have been influenced by 
local factors and probably should not be com- 
pared with those for site N—-1 for that reason. 
However, as vehicles reached the beginning 
of the barrier line and traveled 300 feet into 
either type of zone, a definite shift to the right 
the vehicle path. This shift 
ranged from about 0.8 foot to 0.75 foot over 
the In the daytime, the 
amount of the shift was greater on the na- 


occurred in 
9 Z C : 
300-foot section. 


tional standard zone; at night, it was greater 
The net difference be- 
tween the average placement within the two 
zones, however, was less than 0.05 foot, either 
day or night. It will be seen that under all 
maximum lateral shift be- 
and 8 occurred when on- 
coming traffic was in the left lane. 


lod 


Figures 6 and 7 


on the Missouri zone. 


conditions the 
tween locations 2 


permit more detailed ex- 
amination of the placement distributions of 


this important class of traffic at these two 
points. Passenger cars at the beginning of 
the national standard barrier line tended to 
have a more sprawling distribution pattern 
than at the Missouri standard. This was 
true both day and night. Within the zones, 
the distribution of placements was more com- 
pact. For both day and night operation 
within the zone and on either type of mark- 
ing, about three-fourths of all passenger cars 
were driven with their centers in the range 
of 3.6 to 5.5 feet from the roadway center line. 

A measure of the relative effectiveness of 
the two barrier-line locations in inducing ve- 
hicle drivers to stay a proper distance from 
the center line while traversing a no-passing 
section appears in table 6. Regardless of 
light conditions, vehicle type, or class of ve- 
hicle movement, the proportion of vehicles 
with placements less than 4.5 feet from the 
roadway center in the national standard zone 
was, with several minor exceptions, smaller 
than in the Missouri type zone. Taken as a 
whole, the proportion within 3.5 feet of the 
center line was slightly smaller on the Mis- 
souri standard, but in the significant class of 
vehicles with opposing traffic, the nationa\ 
standard showed marked superiority in the 
daytime results and was substantially the 
same as the Missouri standard at night. A 
lower percentage of commercial vehicles, in 
every case, was found within 3.5 or 4.5 feet of 
the center line on the national standard, and 
their average placement, both day and night in 
that zone, averaged approximately 0.3 foot 
farther from the pavement center. 

Nighttime is known to be the critical period 
for many traffic-control devices. Conse- 
quently, special attention has been devoted to 
day and night comparisons at the two barrier- 
line locations. Data for study of the differ- 
ences between average placements of all ve- 
hicles day and night are presented in table 7. 
Where the barrier line was located in the 
center of the driving lane, the average place- 
ment. at night was consistently nearer the 
roadway center than the daytime average, as 
will be seen from the predominance of minus 
signs in the first column. This is not as gen- 
erally true where the barrier line was located 
next to the center line. 

Previous studies have indicated that on a 
typical roadway section removed from a no- 
passing zone, drivers follow a path closer to 
the center line at night. That finding is veri- 
fied by the data obtained in this study at sites 
M-1 and N-1. From table 7 it is evident that 
the Missouri standard no-passing-zone mark- 
ing offers no effective deterrent to this prac- 
tice. By comparison, the studies on the 
national standard zone show that the average 
placement at night closely approximated the 
daytime position. In Some instances, the 
average night driver was even slightly farther 
away from the center line than the average 
daytime driver. At all six study sites com- 
pared, the difference between day and night 
placement averages on the national standard 
marking was either less than on the Missouri 
standard or was such as to provide greater 
clearance from the center line at night than 
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ore 
gs 


ard zone. 


The data in table 8 indicate that the num- 
of passin 


reater during the studies on the national 


On the extended zones, roug 


evident between Missouri and foreign drivers 
pattern of compliance existed. 


in the daytime results, but at night the lat- 
tional 200 feet of length on the advance end 
of the barrier lines apparently served only to 
increase the infringement on the no-passing 


ter did not observe either barrier line as well 
zones by approximately the same amount. 


as the local drivers. 
viously stated, were quite similar, the 


standard design. 


stand 


ber 
g 


ard and the na- 

ge point of com- 
ated in the cen- 

For the normal zone, 


the average was 228 feet in the day study and 
202 feet at night, as compared with 86 feet 


traffic, in daylight and at night. 
The avera 
In general, the completion point was con- 
siderably farther into the no-passing zone 
and 172 feet, respectively, on the national 


Table 8 is a compilation of the comparative 
when the barrier line was loc 


tional standard zones in this study was beyond 
obedience data. 


the start of the barrier line. 
pletion was calculated from the beginning 


of the normal-length barrier line and, in the 
case of the extended zones, from the start 


of pass completions observed in the vicinity 
of the extended barrier line. 


of both the Missouri stand 


ter of the driving lane. 


the-lane barrier-line marking 
Whatever the _ typical 


With the ever-present hazard 


it. 


Driver Obedience to Markings 
reaching 


of sideswipe collisions on narrow pavements 

The information recorded on driver com- 
pliance with the various types of no-passing- 
zone markings shows that passings were fre- 


where center-of 
has been thought to be most applicable, this 


finding is worthy of attention. 
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in the daytime. 
reached. This may reflect an attitude that 


the completion of passings is permissible be- 
not that the maneuver must be completed be- 


quently completed after the barrier line was 
yond the beginning of the barrier line and 
fore 

driver’s reasoning, the average return point 


Table 6.—Effect of barrier-line location on average transverse placement, and percentage of 
vehicles with placement less than 3.5 and 4.5 feet from roadway center while in no-pass- 


ing zone (sites M—3 and N—3) 


Light condition and movement 
classification 


Average transverse 
placement 


Percentage ! with placement less than— 
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1 Asterisks indicate cases where the percentage for the national standard is lower than (or equal to) the comparable 


percentage for the Missouri standard. 


Table 7.—Difference between average trans- 
verse placement of vehicles (all types) in 
daylight and at night 


Ditterence between 
placement in day- 
light and at 


Study location and movement night ! 


classification 





On Mis- 
souri 
standard 


On na- 
tional 
standard 





Site 1: Feet Feet 
Free moving —0. 34 +0. 30 
With opposing traffic —, 13 . 06 

—.i4 | 50 

—.40 | w13 

Site 2: 
Free moving .16 14 
With opposing traffic 05 mle 

I s16) - 01 


Allmovements-—. 3-) ees: .13 
Site 3: 
Free moving .16 
With opposing traffic Bel 
.19 
.14 


Site 4: 
Free moving 08 
With opposing traffic . 03 

I . 02 

. 05 

Site 5: 
Free moving- | VE 
With opposing traffic 06 
Other | . 35 

All movements ald 

Site 6: 
Free moving J 5A! 
With opposing traffic . 18 

27 
18 











1 Minus sign indicates that placement at night was closer to 
roadway center line than placement in daylight; plus sign 
indicates placement at night farther away than in daylight. 
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distance conditions leading to the test sites 
may have had a relation to the actual fre- 
quency of passings recorded. The mile imme- 
diately west of site M had 0.3 mile of east- 
bound no-passing zones while the mile east of 
site N, by comparison, had 0.45 mile of west- 
bound no-passing zones. This more severe 


restriction of sight distance available for 
passing on the mileage approaching site N 
from the east may account for the somewhat 
greater number of passings recorded at that 
location. The difference between the average 
position of the passing completion points on 
the two types of barrier-line marking, how-- 
ever, seems more likely to be related to the 
difference in barrier-line location than to the 
factor just mentioned. 


Obscurement of Barrier Line 


When the barrier line is located in the 
center of the driving lane, it is frequently 
obscured in part or totally by vehicles on the 
road ahead. Figure 8 has been constructed to 
show the comparative conditions of view from 
the driver’s seat when trailing the vehicle 
ahead at various distances. It assumes that 
the vehicle ahead is in normal position on a 
20-foot pavement and that the approach to the 
no-passing zone is on tangent alinement. The 
driver sees the Missouri-type barrier line only 
by looking under or through the vehicle ahead 
and, for all practical purposes, his maximum 
notice of the beginning of the barrier line is 
the distance between him and the rear of the 
vehicle ahead. Overtaking and passing stud- 
ies conducted on rural highways by the Bu- 
reau of Public Roads * indicate that the aver- 
age passing vehicle is approximately 55 feet 
behind the car ahead when it starts into the 
left lane to pass. 

With the barrier line next to the center line, 
the driver can see to a varying extent around 
the side of the vehicle ahead and his advance 
view of the barrier line is considerably longer. 
If he moves laterally toward the center of the 
roadway from his normal position, prepara- 
tory to passing, his view of the barrier line 
next to the center line increases rapidly, as 
indicated by figure 8. 


3 Passing practices on rural highways, by C. W. 
Prisk. Proceedings of the Highway Research Board, 
vol. 21, 1941. 


Table 8.—Effect of barrier-line location on driver observance of no-passing zones 


Passings completed in vicinity of no-passing zones by— 






































F fe Missouri drivers Foreign drivers All drivers 
Light condition and barrier-line type A | abe eG ee. 
Number | Averaze | Number} Averaze | Number | Average 
of pass- jcompletion| of pass- |completion| of pass- |completion 
ings point ! ings point ! ings point ! 
NORMAL LENGTH ZONES 
Davlight: | Feet Feet Feet 
Wissourlistand ardipeeeo pees ea enan arene eee eee ® 20 230 37 227 57 228 
National Stan dard saewe ener ee Seon eee 28 66 86 93 114 86 
Night: 

INCISSOUTIST ATC aCe eee seis 14 160 7 286 21 202 
National standardise. 20 eee weet fee eee 31 87 33 252 64 172 
EXTENDED ZONES 

Daylight: | 
Missouri standardise eee eee eae ee ee 23 404 46 406 69 405 
Nationalistandard sce = ee ssa te eee oe ee 33 280 58 342 91 320 
Night: 
NTSSOUTISTAN Cand eae eae ae eee Le 11 413 9 528 20 465 
Nationa lstand ardiss: sae: amen mee eee eee 7 307 16 341 23 330 























' Average completion point is the distance traveled into the no-passing zone before returning to the right lane, 
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Under other conditions of alinement, the 
comparative distances at which barrier lines 
at the two locations could be seen will differ, 
of course, but there is little doubt that the 
advantage in driver viewing distance will re- 
main with the national staudard in the major- 
ity of instances. The lack of advance view is 
believed to be a prominent factor in the rela- 
tively poorer observance found at the Mis- 
souri-type zone. 


Effect of Extended Barrier Lines 


As noted previously, the barrier lines were 
extended to see if this disadvantage of short 
advance view of the no-passing zone could be 
overcome. The 200-foot dashed and solid ex- 
tensions of the barrier lines did not mate- 
rially change the average location on the road 
where passings were completed, but they did 
influence the average placement of vehicles 
entering the zones. Table 9 presents the aver- 
age placements obtained at each zone for 
three conditions, viz, the normal-length zone, 

the zone extended at the advance end with a 
200-foot dashed line, and the zone extended 
with a 200-foot solid line. All three studies 
were made at the beginning of the normal- 
length barrier line in the two test zones. 

The dashed extension on the Missouri 
standard zone made no appreciable difference 
in the average day or night placement. On 
the national standard with the dashed exten- 
sion, however, the average position of vehicles 
with opposing traffic was 0.33 foot farther 
away from the roadway center in the day 
study and 0.48 foot farther away at night. 

With the solid extension, the vehicles with 
opposing traffic again were affected the most. 
No great difference was found on the Missouri 
zone in the daytime, but at night this class of 
vehicles averaged 0.36 foot farther away from 
the center line. On the national standard 
the difference was still greater. The place- 
ment results with the solid line extension 
show that vehicles used a path appreciably 
farther to the right than they did with no 
extension or with only a dashed line exten- 
sion, and that a greater effect generally was 
caused on the national standard than on the 
Missouri type zone. 


Opinions of Drivers 


The Missouri State Highway Department, 
using the post card questionnaire survey tech- 
nique, has solicited driver reaction to their 
no-passing-zone markings on several occa- 
sions. One of these surveys made a few years 
ago, in which almost 12,000 cards were passed 
out to motorists and 3,063 were returned, in- 
dicated a 214 to 1 preference for locating the 
barrier line in the center of the driving lane. 

As a check on this finding and to eliminate 
any possibility of bias being caused by having 
motorists who are intrigued by novel traflic 
controls responding in greater numbers than 
those not so interested, a 100-percent sample 
of driver reaction was obtained as a phase of 
the study. Interviewers stationed at the ex- 
tremities of the 16.5-mile test section stopped 
all outbound traffic and asked drivers these 
questions: 
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Figure 8.—Obscurement of barrier line by vehicles on the road ahead. 


1. Did you notice the two different sys- 


tems of marking no-passing zones? 


2. Do you have a preference for either 


system ? 


3. Which system does your State use? 


The State of registration of the vehicle was 
also noted on the interview form. Station NQ 
adjoined the national standard, and station 


MQ the Missouri standard. 


A summary of the returns from the 1,005 
drivers interviewed appears in table 10. Re- 
plies were segregated by drivers of vehicles 
registered in Missouri, States bordering Mis- 
souri, and all other States, to isolate the factor 
of familiarity. More than 93 percent of all 
drivers who had traveled over the test section 
stated that they had noticed the two types of 
markings. As shown by the reply to the third 


Table 9.—Effect on average transverse placement of extending no-passing zone with 200-foot 
dashed and solid barrier lines 






































Placement on Missouri standard Placement on national standard 
Dashed extension,| Solid extension, Dashed extension,| Solid extension, 
Light condition and < site M-4 site M-6 = site N-4 site N-6 
_ a8 Nor- Nor- 
movement classifica- nal aa = 
tion rene zone 
site | AV€T- | Change | AY€"- | Change | site ae Change aed Change 
M-2 place: from pines: from N-2 pisces from place- from ; 
ene normal ! inant normal ! ment normal ! ment normal 
Daylight movement: Feet Feet Feet Feet Feet Feet Feet Feet Feet Feet 
All vehicles_. _------_ 4.34 4. 33 —0. 01 4.48 +0. 14 4.21 4.30 +0. 09 4, 50 +0. 29 
Free moving. __----_- 4.36 4, 28 —. 08 4,43 +. 07 4.14 3. 92 —.22 | 4.29 +. 15 
With opposing traffic_| 4. 53 4. 58 +. 05 4. 66 +. 13 4, 42 4,75 +. 33 4.81 +. 39 
Night movement: ; Mul 
AUT viehiclesmas se s-|) 4.21 4. 28 +.07 4.30 +.09 4, 29 4.45 +.16 4, 54 +, 25 
Free moving. ._------ 4, 20 4. 20 0 4. 20 0 4. 28 4.35 oO mal 4. 43 | +.15 
With opposing traffic.| 4.48 4, 55 +. 07 4, 84 +. 36 4, 55 4. 98 +. 43 | 5. 10 +. 55 











1 Minus sign indicates placement with dashed or solid extension of barrier line was closer to roadway center line than with 
normal length of barrier line; plus sign indicates placement farther from center line. 
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Table 10.—Summary of driver interviews at ends of test section * 























: aye Drivers from Illinois, Pritt 3 5% 
Drivers from Mis- | yransas, Oklahoma, | PF! ore other All drivers 
ay and Arkansas ACAD 
| | 
| Sta- | Sta- Sta- | Sta- Sta- | Sta- Sta- | Sta- 
tion tion | Total} tion tion | Total} tion tion | Total | tion tion | Total 
NQ MQ NQ MQ | NQ MQ NQ | MQ 
Different systems noticed: 
CS he ee ene eH LO 135 261 158 101 259 192 227 419 476 463 939 
Nis Ach 8 be ee ROL | 5 9 14 10 5 15 17 20 ait 32 34 66 
Preference: 
Missouri standard ___--- | 66 68 124 85 62 147 76 132 208 217 262 479 
National standard__----| 67 63 130 73 42 115 122 105 227 262 210 472 
IN GiChOlGGss: 2 = ae ee ee 8 13 21 10 2 12 11 10 21 29 25 54 
System used in own State: | 
Missouri standard__----] --- ee ee 2 3 5 2 9 11 — = Kee 
National standard__----| --- wey lees 159 100 259 202 225 427 ee oe Las 
Ot pereea 2 os e= Pe Nee BS, ae 3 0 3 2 3 5 a Rae eal 
INOUKnO wilt t=es eee eas nae AUS 4 3 U 38 10 13 ie a5 wes 





























| Eastbound drivers were interviewed at the east end of the test section, at station NQ, adjoining the mileage marked with 
the national standard; westbound drivers at the west end, at station MQ, adjoining the mileage marked with the Missouri 


standard. 


question, practically every out-of-State driver 
knew also that his State placed the barrier 
line next to the center line. 

When asked for an expression of preference, 
Missouri drivers, border-State drivers, and 
other drivers were all quite evenly divided 
between the two systems. Neither interview 
station was within sight of a no-passing-zone 
marking, but drivers tended to favor the mark- 
ing standard they had more recently seen. 
Missouri drivers at station NQ, for example, 
who had just seen about 9 miles of the na- 
tional standard marking, showed a 67 to 56 
preference for having the barrier line next to 
the center line, while Missouri drivers at sta- 
tion MQ, having just passed about 714 miles 
of the Missouri standard, voted 68 to 63 for 
the barrier line at the center of the driving 
lane. 


Summary of Findings 


The findings of this special study of no- 
passing-zone marking designs are of necessity 
based on observation and analysis of traffic 
performance in a State where only one mark- 
ing design generally prevails. That one de- 
sign, which prescribes the position of the bar- 
rier line at the center of the driving lane, 
rather than next to the center line, is the 
exception rather than the rule among the 
States. The operating experience from which 
this report has been prepared may not, there- 
fore, be precisely representative of the per- 
formance that would be found if the situation 
were reversed and the Missouri design were in 
widespread use. To the extent possible, the 
effects of familiarity have been explored and 
discussed so that this factor and the principal 
data will appear in their proper relation. 

The major results derived from comparative 
study of vehicles traversing the two types of 
no-passing-zone marking are as follows: 

1. Average operating speeds 500 feet in 
advance of the no-passing zones compared 
were almost identical, and were slightly over 
52 miles per hour for vehicles proceeding to- 
At a point 300 feet within 
each of the zones the general average speed 
level was lower by 2 to 3 miles per hour, and 
the greater decreases occurred with foreign 
drivers on the Missouri type marking and with 


ward the zone. 
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Missouri drivers on the national standard 
marking. The difference between the Mis- 
souri and the foreign drivers’ reaction to the 
zone, measured in terms of that speed change, 
was larger at the Missouri zone, probably be- 
cause Missouri drivers were better acquainted 
with the conventional barrier-line location 
than foreign drivers were with the center- 
of-the-lane position used throughout Missouri. 

2. A remarkable similarity exists between 
the average placement values obtained in com- 
parable studies at the two sites for all loca- 
tions at or beyond the start of the barrier line. 
The least difference between average place- 
ments at comparable locations in the two zones 
was observed at a point 300 feet beyond the 
beginning of the barrier line. Here, on the 
Missouri marking, the average placement of 
all vehicles, expressed in terms of the distance 
from vehicle center to roadway center, was 
4.71 feet in the day study and 4.57 feet at 
night. Corresponding values for the national 
standard zone were 4.73 feet and 4.62 feet. 

At the two-direction no-passing zone marked 
with the Missouri design, the average place- 
ment for the direction with a tangent approach 
was 4.73 feet in the daytime and 4.68 feet at 
night. [For the opposite direction, the respec- 
tive values were 4.32 feet and 4.28 feet, indi- 
cating only a small difference between average 
placements on the one-direction and the two- 
direction zones. 

3. The average placement of vehicles at a 
point 300 feet within both types of no-passing 
zones was from 0.8 to 0.75 foot farther from 
the center line than it was for vehicles at the 
beginning of the barrier line. The maximum 
differences occurred when opposing traffic was 
in the left lane. At both types of zones, about 
three-fourths of all passenger cars traveled 
with their centers in the range of 3.6 to 5.5 
feet of the center line when they were actually 
within the zone. 

4. Detailed analysis of the placement dis- 
tribution pattern shows interesting differences 
between the results obtained at the two test 
zones. On the national standard, vehicle 
paths were somewhat more widely dispersed 
than on the Missouri zone. Statistical meas- 
ures of dispersion for the placement data 
show that passenger cars, for example, did not 









































generally follow a central path as precisely on 
the national standard as they did on the 
Missouri zone. However, it is significant that 
less dispersion in vehicle placements occurred 
within the national standard zone than in the 
Missouri zone when oncoming traffic was in 
the opposing lane. } 

5. Regardless of light condition, vehicle 
type, or class of vehicle movement, the per- 
centage of vehicles with their centers within 
4.5 feet of the center line of the pavement was, 
with a few minor exceptions, less at a point 
300 feet within the national standard zone 
than it was at the corresponding location 
marked with the Missouri design. The per- 
centage of vehicles that had placements of 
3.5 feet or less was a little lower in the 
Missouri zone when all classes of vehicle 
movement were considered together. How- 
ever, a much smaller percentage of the 
vehicles with opposing traffic on the national 
standard had placements in this range than 
on the Missouri standard during the day. At 
night the corresponding percentages were ap- 
proximately equal. Without exception, fewer 
commercial yehicles were centered within 3.5. 
or 4.5 feet of the roadway center in the na- 
tional standard zone. Their average place- 
ment was also farther from the center line, 
5.29 feet on the national standard as compared 
with 4.92 feet on the Missouri zone in the 
daytime, and 4.91 feet as compared with 4.64 
feet at night. 

6. Study of the difference between day and 
night placement data at all comparable sites 
reveals that the night averages were gen- 
erally closer to the daytime averages where 
the barrier line was next to the center line. 
At a number of the studies on the national 
standard marking, the night placements ac- 
tually averaged slightly farther to the right. 
at night than in the daytime. This did not 
occur at any of the studies on the Missouri 
zone. 

7. The average driver completing a passing 
maneuver in the vicinity of the test zones 
overran the Missouri type no-passing mark- 
ing by 228 feet in the daytime as compared 
with 86 feet on the national standard zone. 
At night the difference was not as great but 
the national standard zone was still shown 
more respect. Extension of the barrier line 
at the advance end with dashed or solid lines 
resulted in lengthening the average violations 
roughly by the amount of the extension, but 
the extended barrier lines seemed to encour- 
age drivers to drive somewhat farther from 
the center line as they approached the zone. 
This effect was more pronounced where the 
barrier line was next to the center line. The 
driver’s advance view of the beginning of a 
barrier line that is located in the center of 
the lane is definitely hampered by the geo- 
metric limitations involved as vehicles trail 
one another on the approach to the zone. This 
factor could easily be responsible for the 
relatively poorer observance recorded at the 
Missouri type zone. 

S. A 100-percent sample of drivers inter- 
viewed immediately after traveling some dis-— 


(Continued on page 36) 
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Age-Strength Relations 


OF 


Air-Entrained Concrete 


Reported by FRANK H. JACKSON 
- Supervising Highway Physical 


Research Engineer 


Although it is generally recognized that 
entrained air in concrete has an adverse 


effect upon strength, exact information as to. 


the amount of reduction to be anticipated at 
the later ages has been lacking. Data which 
are presented in this article indicate that for 
the usual class A structural concrete (6 sacks 
per cubic yard and 3 inch slump) a reduc- 
| tion in compressive and flexural strength of 
approximately 10 percent can be anticipated 
for ages up to and including 5 years. This 
is on the basis of approximately equal 
cement content and slump for both types of 
concrete, and with the sand content of the 
_ air-entrained concrete reduced by an amount 
approximately equal to the volume of en- 
trained air. The tests also reveal the influ- 
ence of the chemical composition of cement 
upon the rate of strength development. 
| They show that the strength of concrete con- 
taining type II cement, although compara- 
tively low at early ages, may exceed the 
strength of concrete containing typical type 
I cement (high in tricalcium aluminate) at 
later ages by a substantial amount. 


HE tests herein reported were made pri- 
marily to obtain data on the rate of 
| strength development of air-entrained con- 


_ crete for ages up to 5 years as compared with — 


| the strength of similar concrete without air 
entrainment. 

As the result of over 10 years practical ex- 
_ perience in the use of air-entrained concrete, 
most engineers have become convinced of the 
value of air entrainment to improve the dura- 
_ bility or weather resistance of concrete. It 
_ has been demonstrated both by laboratory re- 
search and by experience that the resistance 
of concrete to frost action can be increased 
_ many fold by the introduction of entrained air 
within the range of 38 to 6 percent. Unfortu- 
nately, however, this improvement in dura- 
bility is almost always accompanied by a 
reduction in strength which, at the conven- 
tional testing periods of 7 and 28 days’ and 
_ for concrete containing approximately 6 sacks 
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of cement per cubic yard, usually averages 
around 10 percent. This tendency to lower 
strength has worried many structural design- 
ers ever since air entrainment was introduced, 
not so much because of the early strength 
loss as the fear that still further reduction 
in strength might occur with increased age. 

In the original program prepared in 1944, 
it was planned to make freezing and thawing 
tests as well as strength tests. However, the 
necessity for using the laboratory’s refrigera- 
tion equipment for work connected with the 
war forced the abandonment of the freezing 
and thawing tests, with the result that only 
that portion of the program involving the 
strength tests was carried through to com- 
pletion. 

Conclusions 


This report presents a limited amount of 
data which indicate that the loss in compres- 
sive and flexural strength, at least insofar 
as one class of concrete is concerned, when 
the specimens are stored continuously moist, 
remains reasonably constant at about 10 per- 
cent up to an age of 5 years. The test results 
indicate that: 

(1) For a typical class A structural con- 
erete (6 sacks per cubic yard and 38-inch 
slump), the reduction in strength due to air 
entrainment will average approximately 10 
percent for all ages up to 5 years. a 

(2) Concrete containing cements relatively 
low in tricalcium aluminate (4 to 7 percent), 
although lower in strength at 7 and 28 days 
than similar concrete containing cements rela- 
tively high in tricalcium aluminate (11 or 12 
percent), will develop substantially higher 
strengths at ages of 1 year or more. 


Materials and Proportions 


Hight portland cements, representing four 
brands, were used in these tests. The chem- 
ical and physical properties of the cements 
are given in table 1. In this table cement 
brand No. 1 is represented by cements A and 
B, brand No. 2 by cements C and D, brand No. 
3 by cements E and F, and brand No. 4 by 
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cements G and H. Cements A, C, EH, and G 
were submitted as type I and cements B, D, 
F, and H as type II cements. However, as 
will be seen from the analyses, only two of 
the nominally type II cements (B and H) 
complied with the requirements of type II 
with respect to the computed tricalcium Sili- 
cate (C:S not to exceed 50 percent). Cement 
D was just over the limit on C;S with 51 per- 
cent, and cement F was further over the limit 
with 53 percent C:S. Likewise cement C, al- 
though classified as type I, was relatively low 
in C;A. It was, however, high in C:S with 54 
percent. Cements A, H, and G were typical 
type I cements relatively high in C:;A. All in 
all, the eight cements cover fairly well the 
range in physical and chemical properties of 
the types of portland cement most frequently 
used in highway work. 

The values for C;:A as reported in table 1 
are lower than those usually reported from 
these sources. This is partially explained by 
the method of making the iron oxide and 
alumina determinations. At the time these 
analyses were made (in 1944) the Bureau was 
still using the Jones Reductor for reducing 
the iron and titrating with potassium per- 
manganate solution. When titanium dioxide 
iS present in a cement it is also reduced by 
the zine of the Jones Reductor and is titrated 
along with the iron. This results in a high 
value of iron oxide. Since alumina is ¢al- 
culated by subtracting the iron oxide from 
the total of the ammonium hydroxide group, 
it iS correspondingly low. In the standard 
procedure of the American Society for Testing 
Materials, iron oxide is determined by reduc- 
tion with stannous chloride which does not 
reduce titanium. However, in the absence of 
an actual correction for titanium dioxide, the 
alumina value (as determined by A.S.T.M. 
procedure) will include this constituent and 
will therefore be somewhat higher than the 
true value. 

For cement relatively high in C;A, the dif- 
ference obtained by the two methods is of 
little or no significance. However, in cal- 
culating the C;A content the differences are 
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Table 1.—Properties of the cements 

















| 
Brand 1 Brand 2 Brand 3 Brand 4 
Cement | Cement | Cement | Cement | Cement | Cement | Cement | Cement 
A B C D E F G H 
Physical properties: 
Apparent specific gravity_.____________ 3.14 3.19 3.14 3.16 Shale 3.16 3.13 3.17 
SPECIE SUTIACE—_- S2- a es em.2/gm__|} 1,640 1, 610 1, 690 1, 580 1, 810 1, 670 1, 690 1,720 
Autoclave expansion_________ percent __ 0.15 0. 04 0.10 0. 08 0. 06 0. OL 0. 42 0. 02 
Normal consistency _______-_-_- percent __ 26. 0 25.0 25. 0 24.0 25.0 25. 0 26.0 25. 0 
Time of set: 
Totals 3. Seek seen eee. hours__ 4.0 4.0 5.0 4.0 2 5.2 5.0 5.0 
aaayey eet ene Kak aR SN hours__ ted 6.5 7.8 6.0 7.6 7.5 8.0 8.0 
Tensile strength (1:3 mortar): 
No GLY S-2 ae see Ib. per sq. in__ 310 275 240 195 325 275 325 290 
AM Gays: a Ses 2k lb. per sq. in__} 885 360 355 275 370 370 410 370 
IN DPA CEN ALAS Oe eee Ib. per sq. in__ 465 470 430 380, 465 445 465 450 
Aventrained) see 2 eae percent__ 3.5 6.6 5.0 4.4 3.9 4.1 5.0 §. 2 
Chemical analysis (percent): 
‘Subbyefoy av Wkep ates, ek eR ee Se ee 21. 30 21. 85 21. 35 21. 55 21.05 22. 85 20. 40 22. 70 
FAULCL TT TIA TTI VO XL Cie es ee eee epee ee 6. 49 4.42 4. 66 4,29 6. 44 4.09 6. 16 4. 66 
HETTIC/ OX 1G Ce ops S22 ee a ee ee ee 2. 96 4,48 3. 44 4. 56 2. 56 3. 76 3. 44 3. 44 
Galchimioxide2 ste cee ee eee 63. 10 62. 90 63. 50 62. 55 63. 65 64. 65 62. 70 64. 30 
INA eMOSimT OX1 Ca ae een ene 2. 64 Piles 2. 84 2.97 2. 43 1.16 3.00 1525 
SHE CT OXdC 6 amen eee ener eee ae 1. 81 1. 64 1.68 iW a3 17 1122 1.88 1. 48 
PI OCLECL TIAN O XcLCl © Se eee eres Se eee HPAL 723 Seal ae .19 iG NE 5740) 
POLASSIMINCOXIG Claes teen een ee . 68 . 44 . 59 00 . 48 AT ata . 54 
OSS OMIT LI Ole = eee ee ee 1.04 1.36 1.97 2.14 1. 50 1.78 1. 62 1.42 
ChlorolorTMaPS Old Dewees ase eee ee . 006 . 004 . 006 . 007 . 008 . 005 . 006 . 008 
Computed compound composition (per- 
cent): 
‘Bricalciwimslicatese = eae ee ae are 42 50 54 51 48 53 48 48 
Micalcitmarsilicate sess se oe ee 30 25 20 24 24 26 22 29 
Miricalcinmm aliminave sess. ae eee 12 4 i 4 i 4 11 7 
Tetracaleium aluminoferrite__________- 9 14 10 14 8 11 10 10 
Calenimsiiia tens =e neee eer 3 3 3 3 3 2 3 3 























1 A.S.T.M. standard method C 185-44. 
? Ferric oxide determined by use of Jones Reductor. 


reflected fourfold. This fact, and the practice 
of rounding compound composition to the 
nearest whole percentage, means that a dif- 
ference of only 0.2 to 0.3 percentage points 
in the value for alumina can mean as high as 
2 percentage points difference in calculated 
C3:A. In the case of low C;:A cements, this may 
easily affect the classification of the cement 
as to type. 

In order to avoid misunderstanding and to 
promote uniformity, the Bureau discontinued 
the use of the Jones Reductor shortly after the 
analyses reported in this article were made, 
and the standard A.S.T.M. procedure is now 
used for all work. Unfortunately, samples of 
the particular cements used in this study were 
not available for a repetition of the iron oxide 
determinations. 

Aggregates for the concrete were sand and 
gravel from the Potomac River. The sand 
was well graded, with a fineness modulus of 
2.62. The gravel was uniformly graded from 
No. 4 up to 14%-inch size. Both aggregates met 
the conventional physical test requirements 
for quality. However, attention should be 
called to the fact that Potomac River gravel 
consists essentially of siliceous particles, prin- 
cipally quartz and sandstone. Aggregates of 
this type frequently produce concrete of rela- 
tively low flexural strength as compared with 
aggregates which are predominately calear- 
eous in nature. This accounts for the rela- 
tively low values for modulus of rupture 
which were obtained in this study. 


Test Series 


Two series of tests were made, one without 
the addition of an air-entraining agent and the 
other in which sufficient neutralized Vinsol 
resin was added to produce an air content of 
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See text, page 31, third column. 


approximately 4 percent... For each type of 
concrete the same weight proportions were 
used with all eight cements with the result 
that the individual cement contents varied 
slightly from the nominal value of 6.0 sacks 
per cubic yard due to variations in the water 
demand of the various cements. However, in 
no case did the actual cement content vary 
more than 0.08 sack per cubie yard from the 
nominal value. In order to maintain the same 
yield for the air-entrained concrete, the abso- 
lute volume of sand was reduced by an amount 
approximately equal to the volume of added 
air, the absolute volume of coarse aggregate 


1 Calculated in accordance with the procedure 
described in the American Society for Testing Ma- 
terials standard method C 138—44. 


Table 2.—Mix data 


remaining the same. The water content was 
also reduced, as needed, in order to obtain 
approximately the same slump. Complete mix 
data, including air contents, are given in 
table 2, 

At the time these tests were started, in 
1944, air entrainment was almost universally 
obtained by the use of a neutralized solution 
of Vinsol resin, the product of a particular 
manufacturer. Since that time numerous 
proprietary air-entraining admixtures have 
appeared on the market. Many of these are 
neutralized Vinsol resins marketed under in- 
dividual trade names. Tests which have been 
made to date by the Bureau of Public Roads 
indicate that any admixture which will meet 
the requirements of the American Society for 
Testing Materials specification C 260-50T, 
“Specifications for air-entraining admixtures 
for concrete—tentative,” will be satisfactory 
for use in the manufacture of air-entrained 
concrete. 

Two types of specimens were made for the 
tests: standard 6- by 12-inch cylinders for 
compressive strength tests and 6- by 6- by 
20-inch beams for flexural strength tests. On 
both types of specimens, strength determina- 
tions were made after 7 days, 28 days, 1 year, 
and 5 years moist storage. Values reported 
are the averages of tests on three specimens, 
making a total of 384 test specimens for the 
entire study. Mixing, molding, curing, and 
testing operations were all conducted strictly 
in accordance with standard procedures. 

Compressive strength data for each cement 
for both non-air-entrained and air-entrained 
concrete are given in table 3 with the corre- 
sponding data for flexural strength in table 4. 
The effect of air entrainment on compressive 
and flexural strength is shown in figure 1 
while in figure 2 the same data have been 
plotted to show the effect of cement com- 
position, 


Effect of Air Entrainment 


It will be observed that, in the case of all 
eight cements and for both types of test, the 
introduction of entrained air caused a reduc- 


for strength specimens * 




















| | 
te “: Weight of . 
4 Vinsol Cement | Netwater| Slum Air con- 
. oe resin? | content? | content P| fresh con- | “pont 
crete 
Non-air-entrained concrete: Percent | Sacks/cu. yd.| Gal./sack | Inches Lb./cw. ft. Percent 
pA Dil Fa NE AVN Hi 3 Ed wR ns core TS 6.0 cee) ol | DRE 148. 6 1.0 
TS 2 ey Bee ee ar ee ee Le | ee 6.1 553: hi 149.0 .8 
Cia heelGe Bi yh emg ns eal ie es ES | Eee 6.0 5.4 2.3 148. 3 1.3 
1 8 eR Re weed NAEP te | ah oo 6.1 5.3 2.6 148.7 1:2 
LE ESA ed a ee ees 6.0 5.6 2.4 148. 3 .8 
IBY, eid ee etd os 2 MATS IN gy Fy oe Ease eer re | 6.0 5. 5 3.0 148. 7 .8 
GS ee eee eee ne ee ee | | ee | 6.0, 5.5 2.70 148. 4 .8 
ise eS Rivet ey ee a Ge ea ee Eee. ek | 6.0 | 5. 5 2.6 147.7 1.4 
| | 
Air-entrained concrete: | | 
As Be Oe eS eee EEE Ee 0.0065 | ome 5.1 200 144. 6 4.0 
Boe ee as a ee eee ee . 0075 6.1 5.0, 2.6 144. 6 4.1 
6 ee ee RLS eR ee OO ete Wee ke . 0090 6.1 6.1 26 143.9 4.4 
DD See SA Ss LS SPO! . 0060 6.1 5.0 PAY) 144.5 4.2 
Hi eae ee ee te Tools) ne me Shee 0105 | 6.1 bse: 2.7 144.3 3.9 
Pe See eee crepe eee eee, 0080 | 6.1 | ay | 2.9 144.7 3.8 
Geek ah irl Bebo 4s 40%) 0075: 9 6.1 5. 2 | 2.8 144.7 32T 
ELS = fet ep ES Ee ie ae 0100 | 6.0 (se Or el) pare 143.1 5.0 








1 Proportions by oven-dry weight (in pounds), using No. 4 to 115-inch gravel: Non-air-entrained concrete, 94:164:355; 


air-entrained concrete, 94:145:355. 
2 Percentage by weight of cement. 


Neutralized with sodium hydroxide and added in solution form. 


3 Tests made in accordance with A.S.T.M. standard method C 138-44. 
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tion in strength at all ages. In compressive 
strength the percentage reduction varied from 
a low of 5 (cement G at 7 days, cement E at 
1 year, and cements B and E at 5 years) toa 
high of 19 (cement H at 7 and 28 days). In 
flexural strength the corresponding range was 
from a low of 3 (cement G at 28 days) to a 
high of 21 (cement B at 7 days). In com- 
pressive strength, the average percentage re- 
ductions for all cements were 10 at 7 days, 11 
at 28 days, 12 at 1 year, and 11 at 5 years. 
In flexural strength, the corresponding reduc- 
| tions were 11 at 7 days, 7 at 28 days, 9 at 1 
year, and 8 at 5 years. It will be seen from 
these data that the reduction of strength in 
both compression and in flexure averaged ap- 
proximately 10 percent for periods up to and 
including 5 years, with tests in flexure tending 
to show somewhat smaller reductions than 
those in compression. 

These data indicate that under certain con- 
ditions a strength reduction due to air entrain- 
ment as high as 20 percent might be obtained 
without exceeding an air content of 5 percent. 
At first sight this might seem to be quite 
serious. However, if we examine the strength 
values themselves we note that even in the case 
of cement H, which, with 5 percent air in the 
concrete, showed the largest reduction in com- 
pressive strength, the strength of the air- 
entrained concrete at 28 days was 4,180 pounds 
per square inch, which is roughly 40 percent 
higher than the 3,000 usually assumed for 
design purposes in the case of class A struc- 
tural concrete. Thus it will be seen that even 
on the basis of a 19-percent reduction in com- 
pressive strength—the largest reduction in 
compressive strength found in these tests— 
there still remains a fairly high factor of 
safety in the use of air-entrained concrete in 
cases where compressive strength is used as 
the basis of design. 

In flexure the lowest strength obtained with 
any cement at 28 days was 535 pounds per 
square inch. This was air-entrained concrete 
containing cement H with 5 percent air. As 
previously stated, the Potomac River gravel 
which was used in these tests, due to its pre- 
dominately siliceous composition, produces 
concrete having low flexural strength as com- 
pared with concretes containing other types of 
aggregates, particularly those which are pre- 
dominately calcareous in composition. Under 
these conditions it is difficult to meet the usual 
strength design requirement of 550 pounds per 
square inch modulus of rupture at 14 days 
without using a cement content substantially 
in excess of the 6.0 sacks per cubic yard used 
in these tests. It is recommended, in all cases 
where aggregate of this type is to be used in 
pavement concrete, that the required cement 
content be determined by laboratory test. 
This applies to both non-air-entrained and air- 
entrained concrete but is particularly impor- 
tant in the case of the latter due to the lower 
strength which is usually obtained. 

Even in cases where the aggregates are of 
such a nature as to develop high flexural 
strength (say 700 to 750 pounds per square 
inch at 14 days) it is good engineering to 
design the mix by laboratory test in order to 
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Table 3.—Compressive strength tests ' 




















Compressive strength of non- Compressive strength of air- | Reduction in strength due to air 
air-entrained concrete entrained concrete entrainment 
Cement wits 

7 days | 28 days | 1 year |5 years} 7 days| 28 days | 1 year |5 years} 7 days | 28days| 1 year | 5 years 

JOR | eas eR er Ret eka lt yee ee P.s.i. | P.s.i. | Percent | Percent | Percent | Percent 
(ae, = Se Pe 4,190} 5,510 | 6,790 | 7,100 | 3,760 | 4,950 | 6,240 | 6,390 10 10 8 10 
ee Se ee es 3,340 | 5,010 | 7,300 | 7,470 | 2,990 | 4,590 | 6,260 | 7,090 10 8 14 5 
ORE ee ieee 3,100 | 4,850 | 6,200 | 7,090 | 2,890 | 4,290 | 5,380 | 6, 230 7 12 13 12 
iT) eaeer, eee S 2,900 | 4,500 | 6,470 | 7,130 | 2,480 | 4,100 | 5,430 | 6,130 14 9 16 14 
ia 2 2 eee 3, 880 | 5,890 | 6,810 | 7,010 | 3,650 | 5,260 | 6,500 | 6,630 6 11 5 5 
f ieee ee Ot ee 3,180 | 4,890 | 7,130 | 7,880 | 2,970 4,520 | 6,330 | 6.740 i 8 11 14 
(Cen ee a eee 3,870 | 5,630 | 6,830 | 6,970 | 3,670 | 4,950 5, 840 | 6,340 5 12 14 9 
13 Gm Se Oi nk te eee 3,240} 5,150 | 7,270 | 7,770 | 2,630 | 4,180 6, 290 | 6, 470 19 19 13 17 
AtveragGaecsuas- 3,460 | 5,180 | 6,850 | 7,300 | 3,130 | 4,600 6, 030 | 6, 500 10 11 12 11 



































1 Each value is the average of three tests of 6- by 12-inch cylinders. 


Table 4.—Flexural strength tests * 














Modulus of rupture for non- Modulus of rupture for air- Reduction in strength due to 
air-entrained concrete entrained concrete air entrainment 
Cement Peer 

7 days | 28 days | 1 year |5 years| 7 days | 28 days | 1 year |5 years} 7 days | 28days| 1 year | 5 years 

Pst P80: TERRE DEAR |) PERE || 2A P.s.i, | P.s.i. | Percent | Percent | Percent | Percent 
Nee St 575 635 630 670 505 605 600 640 12 5 5 4 
Daa eee 515 645 750 775 405 590 655 700 21 9 13 10 
Cae 5 Soe res es 485 565 660 730 450 545 570 675 7 4 14 8 
De Ses 7: Sets 460 595 635 785 385 540 595 715 16 9 6 9 
Vie Jot ewe see dere 545 620 670 690 495 580 590 630 9 6 12 9 
Tee ee Re ee, 485 615 700 720 450 560 645 670 7 9 8 7 
aS foe ee es 515 610 625 665 490 590 595 620 5 3 5 7 
ER re Sone ee 470 595 685 735 425 535 640 680 10 10 Tie 7 

AV eYal@ massa seein O00 610 670 720 450 570 610 665 11 7 9 









































1 Bach value is the average of three tests of 6- by 6- by 20-inch beams, 


realize the saving in cement which the use of 
high-strength materials may make possible. 
The cement content which will develop the 
required flexural strength should be used’ as 
the basis of mix design and this can only be 
determined by test. 


Significance of Strength Reductions 


It should be noted that the reductions in 
strength herein reported are based on lab- 
oratory tests of carefully controlled concrete 
mixtures and that they therefore do not take 
into consideration the improvement in uni- 
formity of field mixtures of air-entrained con- 
erete which may reasonably be anticipated. 
It is well known that air-entrained concrete 
is much more workable and therefore can be 
placed with much less danger of segregation, 
water gain, etc., than concrete which does not 
contain entrained air. This is particularly 
true where the concrete is to be placed in 
heavily reinforced structural members where 
workability is of prime importance. Under 
these conditions, especially, it is felt that the 
improvement in uniformity of the concrete in 
the member as a whole will more than com- 
pensate for the theoretical loss in strength 
due to the entrained air as indicated by tests 
of 6- by 12-inch cylinders. These benefits are 
hard to measure quantitatively, but they are 
none the less real as will be attested by con- 
struction men generally who have used air- 
entrained concrete in their work. 

There is another point which should be 
emphasized when studying the significance of 
strength losses due to entrained air. This is 
the relatively rapid deterioration of non-air- 
entrained concrete exposed to severe weather- 


ing aS compared to concrete containing en- 
trained air. The loss in strength which 
invariably accompanies deterioration due to 
the effect of alternate freezing and thawing 
may very quickly neutralize any initial 
strength advantage the non-air-entrained con- 
crete may have enjoyed. 


Effect of Cement Composition 


The rather wide variations in chemical com- 
position of the eight cements used in this 
study make it possible to study to a limited 
degree the age-strength relations as they are 
affected by variations in the three major com- 
pounds in cement—tricalcium silicate (C:S), 
dicalecium silicate (C.8S), and tricalcium alu- 
minate (C;A). AS previously stated, it was 
the original intent to obtain a typical type I 
and a typical type II cement from each of 
the four companies supplying cement for this 
investigation. In figure 2 the concrete 
strengths obtained with the four pairs of ce- 
ments that were actually supplied have been 
plotted in such a way as to reveal the effect 
of variations in composition of each pair sep- 
arately. The computed percentage of C;A, 
C8, and C.S for each cement is also shown 
at the top of figure 2. 

The effect of composition on rate of strength 
development is immediately apparent. For 
example, concrete containing cement B with 
4 percent C;A, although with one exception 
lower in both compressive and flexural 
strength than concrete containing cement A 
at 7 and 28 days, is considerably higher in 
strength at the later ages of 1 and 5 years. 
The same is generally true of concrete con- 
taining cements E and F and cements G and 
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H where similar variations in C;A are indi- 
eated. Only in the case of cements C and D 
are the rates of strength development about 
the same. In this case, both cements are suf- 
ficiently low in ©;A to be classified as type II 
cements although neither would qualify inso- 
far as C;S is concerned. It may also be noted 
that the two cements giving the highest com- 
pressive strengths at 5 years (IF and H) in 
non-air-entrained concrete are also highest 


in combined C;,S and C.S (79 and 77 percent, 
respectively) while cement G, which shows the 
lowest combined C;S and C:8 (70 percent), 
developed the lowest compressive strength in 
non-air-entrained concrete at 5 years. In 
the case of flexural strength, cements B and 
D (with 4 percent C;A and 75 percent com- 
bined ©;S and C.8) developed the highest 
strength at 5 years with cement G having the 
lowest strength. 


The above trends with respect to cement 
composition, although not startling, are of 
interest largely because they verify by actual 
test the generally accepted theories regarding 
the effect of cement composition on rate of 
strength development. They show in general 
that concrete containing type II cement, al- 
though low in early strength, is apt to exceed 
the strength of concrete containing type I 
cement by substantial amounts at later ages. 


The Effect of Barrier-Line Location at No-Passing Zones 


tance over both types of marking indicated 
that their preference was far from being one- 
sided. Of the 1,005 drivers questioned, 479 
preferred the Missouri design, 472 preferred 
the national standard, and 54 had no choice. 
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(Continued from page 30) 


The expression of Missouri drivers alone was 
130 to 124 for placing the barrier line next to 
the center line, while 21 stated they had no 
preference. The survey revealed too that over 
93 percent of the drivers had noticed the two 


types of marking, and that most foreign driv- — 
ers were aware that their State placed the 
barrier line adjacent to the center line, which 
is the location recommended as the national 
standard. 
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A complete list of the publications of the 
Bureau of Public Roads, classified according 
to subject and including the more important 
articles in PuBLiIc Roaps, may be obtained 
upon request addressed to Bureau of Public 
Roads, Washington 25, D. C. 


PUBLICATIONS 
Of the Bureau of Public Roads 





The following publications are sold by the Superintendent 
of Documents, Government Printing Office, Washington 25, 
D.C. Orders should be sent direct to the Superintendent of 
Documents. Prepayment is required. 


ANNUAL REPORTS 


(See also adjacent column) 


Work of the Public Roads Administration : 
1940, 10 cents. 1946, 20 cents. 
1941, 15 cents. 1947, 20 cents. 
1942, 10 cents. 


1948, 20 cents. 
1949, 25 cents. 


Annual Reports of the Bureau of Public Roads : 
1950, 25 cents. alJanls tay (eeveuasy 


HOUSE DOCUMENT NO. 462 


. Nonuniformity of State Motor-Vehicle Trafic 
Laws. 15 cents. 

Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 
Inadequacy of State Motor-Vehicle Accident 

Reporting. 10 cents. 


Ise. I 


|PATNELE. 24 


Partes 


Part 4... . Official Inspection of Vehicles. 10 cents. 

Part 5 . Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6... The Accident-Prone Driver. 10 cents. 


UNIFORM VEHICLE CODE 


Act JI.—Uniform Motor-Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 10 cents. 

Act II.—Uniform Motor-Vehicle Operators’ and Chauffeurs’ 
License Act. 10 cents. 

Act I1].—Uniform Motor-Vehicle Civil Liability Act. 10 cents. 

Act IV.—Uniform Motor-Vehicle Safety Responsibility Act. 10 
cents. 

Act V.—uUniform Act Regulating Traffic on Highways. 

Model Traffic Ordinance. 15 cents. 


20 cents. 


MISCELLANEOUS PUBLICATIONS 


Bibliography of Highway Planning Reports. 30 cents. 

Construction of Private Driveways (No. 272MP). 10 cents. 

Heonomie and Statistical Analysis of Highway Construction Iix- 
penditures. 15 cents. 

Electrical Equipment on Movable Bridges (No. 2651). 40 cents. 

Factual Discussion of Motortruck Operation, Regulation, and 
Taxation. 30 cents. 

Federal Legislation and Regulations Relating to Highway Con- 
struction. 40 cents. 

Financing of Highways by Counties and Local Rural Govern- 
ments, 1931-41. 45 cents. 

Guides to Traffic Safety. 10 cents. 

Highway Accidents. 10 cents. 


Highway Bond Calculations. 10 cents. 


U.S. GOVERNMENT PRINTING OFFICE : 1952—998627 


Highway Bridge Location (No. 1486D). 15 cents. 

Highway Capacity Manual. 65 cents. 

Highway Needs of the National Defense (House Document No. 
249). 50 cents. 

Highway Practice in the United States of America. 

Highway Statistics, 1945. 35 cents. 

Highway Statistics, 1946. 

Highway Statistics, 1947. 

Highway Statistics, 1948. 

Highway Statistics, 1949. 

Highway Statistics, 1950. 

Highway Statistics, Summary to 1945. 40 cents. 

Highways in the United States (nontechnical). 


nO cents. 


5O cents. 
45 cents. 
65 cents. 
D5 cents, 


6O cents. 


15 cents. 

Highways of History. 25 cents. 

Identification of Rock Types. 10 cents. 

Interregional Highways (House Document No. 379). 75 cents. 

Legal Aspects of Controlling Highway Access. 15 cents. 

Local Rural Road Problem. 20 cents. 

Manual on Uniform Traftic Control Devices for Streets and High- 
ways. 75 cents. 

Mathematical Theory of Vibration in Suspension Bridges. $1.25. 

Principles of Highway Construction as Applied to Airports, Flight 
Strips, and Other Landing Areas for Aircraft. $1.75. 

Public Control of Highway Access and Roadside Development. 
35 cents, 

Public Land Acquisition for Highway Purposes. 

Roadside Improvement (No. 191MP). 10 cents. 

Selected Bibliography on Highway Finance. 55 cents. 

Specifications for Construction of Roads and Bridges in National 
Forests and National Parks (FP-41). $1.50. 

Taxation of Motor Vehicles in 1932. 35 cents. 

Tire Wear and Tire Failures on Various Road Surfaces. 10 
cents. 

Transition Curves for Highways. 


10 cents. 


$1.25. 





Single copies of the following publications are available to 
highway engineers and administrators for official use, and 
may be obtained by those so qualified upon request addressed 
to the Bureau of Public Roads. They are not sold by the 
Superintendent of Documents. 


ANNUAL REPORTS 


(See also adjacent column) 


Public Roads Administration Annual Reports: 
1943. 1944. 1945. 


MISCELLANEOUS PUBLICATIONS 


Bibliography on Automobile Parking in the United States. 
sibliography on Highway Lighting. 

Bibliography on Highway Safety. 

Bibliography on Land Acquisition for Public Roads. 
sibliography on Roadside Control. 

Express Highways in the United States: a Bibliography. 
Indexes to Pusiic Roaps, volumes 17-19, 22, and 23. 

Road Work on Farm Outlets Needs Skill and Right Mquipment. 
Title Sheets for Puptic Roaps, volumes 24, 25, and 26. 
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